The Prevalence of Incidental Findings in Multiple Sclerosis Patients
ORIGINAL ARTICLE appropriate management. [2] [3] [4] [5] We sought to document MR incidental findings from a prospective study designed to detect and compare features of chronic cerebrospinal venous insufficiency (CCSVI) in MS, clinically isolated syndromes (CIS), and neuromyelitis optica (NMO) patients relative to control subjects.
METHODS
Magnetic resonance images were obtained between October 2010 and September 2012 in a cross-sectional study that aimed to compare the proportion of venous outflow obstructions indicative of CCSVI between MS patients and controls. This study was approved by the University of Calgary Conjoint Health Research Ethics Board (CHREB). Patients included had a clinical diagnosis of MS (relapsing-remitting MS, RRMS; primary progressive MS, PPMS; secondary progressive MS, SPMS), CIS, or NMO. 6 Participants were excluded if they displayed any of the following: current pregnancy; prior history of jugular or subclavian central line insertion; prior history of chemotherapy, radiation therapy or stem cell transplantation; ongoing use of anti-coagulation or known history of thrombophilia or vasculopathy; any known contraindications to MR imaging including a cardiac pacemaker, cochlear implant, weight greater than 125 kg, or severe claustrophobia; any condition or situation that would put the participant at risk of worsening health if enrolled in the study; any condition or situation that would prevent completion of the study; or were unable to provide written informed consent. Additionally, control subjects were excluded if they displayed any diagnosed neurological condition, were not matched by sex and decile of age for two patient cases, or had a first-degree relative with MS.
All MR studies were systematically reviewed by a neuroradiologist for the presence of incidental abnormalities unrelated to an underlying diagnosis of MS or indicative of CCSVI. Anticipated findings included underlying neoplasms, strokes, vascular malformations, congenital malformations, and/or manifestations of remote trauma. The presence of white matter lesions was not viewed as a noteworthy incidental finding because such lesions are common in MS patients, but can also be detected in normal individuals as part of the normal aging process. 7 Detection and analysis of features of CCSVI was performed at a later date. Quality concerns were communicated to MR technologists in an effort to improve future images and all incidental findings were relayed to the primary clinical investigator (FC). Any finding that was not previously revealed to us by the participant or documented in the patient's medical chart, but had a potential health implication was conveyed to the participant by telephone or in person. Once this communication was made with the participant, appropriate follow-up and/or health care referrals were arranged on his or her behalf by the principal investigator. Letters documenting the incidental findings were sent to the primary care physicians of each participant with the recommendation for follow-up testing, such as a dedicated thyroid ultrasound in the case of an incidental thyroid nodule. For study participants who lacked primary care physicians, the appropriate investigations and/or referrals were arranged by the primary clinical investigator, who took on the responsibility for their care. For each and every participant with an incidental finding, we generated a formal record of their medical issue, and clinical care path, so that non-study personnel would have access to results.
Our consent process included a discussion on how incidental findings would be managed. Patients and controls were informed that they would be made aware of any observed abnormality of potential health concern. We did not explicitly explain the possible implications of incidental findings (e.g., how insurance could be affected if a serious finding was detected) with participants, prior to their consent for participation in the study.
Magnetic resonance imaging was performed on a 3 T MR scanner (Discovery 750; General Electric Healthcare, Waukesha, WI) using a customized neurovascular imaging protocol optimized for CCSVI. The protocol consisted of localizer sequences (head and neck) plus oblique axial 2D fluid attenuate inversion recovery (FLAIR), oblique axial 2D fast relaxation fast spin echo sequence (FRFSE), axial 3D T2*-weighted angiography (SWAN; General Electric Healthcare), sagittal 3D time-resolved imaging of contrast kinetics (3D TRICKS; General Electric Healthcare), sagittal spoiled-gradient echo (FSPGR), and phase contrast (PC) imaging. A summary of the key acquisition parameters can be found in the Supplemental Table.
Statistical Methods
Data are reported using standard descriptive statistics. To compare the prevalence of incidental findings between patients and controls, Fisher's exact test was used. All tests were twotailed and conventional levels of statistical significance (p < 0.05) were considered relevant.
RESULTS
Of the 197 participants who provided informed consent at screening, nine withdrew consent and eight were excluded because data became available after the consent process that resulted in an exclusion criterion being fulfilled. This resulted in a final study group of 120 patients and 60 controls. Magnetic resonance imaging was successfully obtained in 166 participants (110 patients, 56 controls). Incidental abnormalities were detected in 19% of the subjects (n = 32; 17 patients and 15 controls) for a total of 33 findings (Table) . These findings included: a cervical spine neural foraminal stenosis (one control), a remote posterior inferior cerebellar artery (PICA) territory stroke (one control), intracranial aneurysms (two patients), cavernomas (five patients, two controls), a cervical spine disc protrusion (one patient), enlarged cervical lymph nodes (one patient), meningiomas (one patient, two controls), a brain parenchymal cyst (one control), pituitary gland structural irregularities (one patient, one control), and thyroid nodules (seven patients, seven controls). One patient had two incidental findings: an aneurysm and a brain parenchymal cavernoma. Of the 32 subjects with incidental findings, 84% (27) required further investigations, which included follow-up communication in person or by telephone and subsequent referral for other medical services.
DISCUSSION
The prevalence of incidental findings was not significantly different in MS patients (15%) relative to the control population (27%; p = 0.097) in our study. However, the occurrence of incidental findings was frequent enough that establishing a process to manage their discovery was both useful and important. Thyroid nodules or cysts were the most common detected abnormality (6% of patients and 13% of controls). The high prevalence of thyroid lesions was not surprising, given that thyroid nodules are detected in neck imaging studies performed for other indications in 10% to 60% of the general population. 8, 9 THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES Cavernomas were the most prevalent incidental finding detected with brain MR imaging.
There are a lack of standardized guidelines for detecting and communicating incidental findings in imaging research. 10, 11 This may explain why one patient in our study was made aware of an incidental finding for the first time, despite the fact that she had participated in numerous CHREB-approved clinical research studies involving MR imaging at our institution. While the members of the Working Group on Incidental Findings in Brain Imaging Research are divided as to whether or not clinical assessment of an imaging study is required, 12 most MS clinical trials have a neuro-radiologist on the research team. Arguably, establishing a process for the detection, documentation, notification, and management of incidental findings can be labor-intensive. Yet, respecting the rights, safety, and well-being of research subjects is the cornerstone of ethical research. If incidental findings are both anticipated, and then documented and appropriately managed, reporting should be feasible. However, there is a lack of perceived need to report incidental findings and their management as part of the primary analysis of most imaging research studies.
There are ethical complexities surrounding incidental imaging findings, which are well described conceptually in the epidemiological screening literature. 13, 14 Screening for asymptomatic, but early stage disease, has been proposed as a method to reduce mortality from many illnesses, including intracranial aneurysms 15 and breast cancer. 16 However, there is a competing relationship between sensitivity and specificity for a given diagnostic test. Where prevalence is low, very often the number of false positive screening tests far outweighs the population benefit of identifying pre-symptomatic disease. More patients may be harmed by the necessity of invasive investigation procedures (e.g., biopsy) or needless worry than saved by the identification and effective treatment of the identified pathology. The same principles can be applied to the identification of incidental but potentially pathological findings detected with research imaging procedures. Most findings will be benign, but because they have been identified, they require investigation and management.
Investigators have, we believe, an ethical imperative to be transparent in their process of managing incidental findings and disclose to participants whether or not a specialist will be reviewing the imaging results. Surveys designed to capture subjects' expectations after participating in neuroimaging studies revealed that the majority (84%) of volunteers did not expect all research scans to be reviewed by a physician. 17 However 54% of volunteers also believed that brain abnormalities would be revealed if they existed, despite a statement to the contrary in the consent form ("investigators for this project are not trained to perform radiological diagnosis, and the scans performed in this study are not optimized to find abnormalities"). 17 Therefore, the language used to convey information in the consent forms of many studies, which receive ethics board approval at academic institutions, may not be sufficient to prevent "therapeutic misconception" or the assumption of clinical care in a research setting. 18 This study has several limitations. First, our report is limited by a lack of follow-up on the implications to treatment and management. We were unable to gather this information because this was not the purpose of our study and we did not obtain consent to gather these data. Second, characteristic MS lesions often unblinded the neuro-radiologist to the participant's disease status and therefore bias in the detection of incidental findings cannot be excluded. Finally, as previously stated, we did not include the detection of white matter lesions in routine MR imaging as an incidental finding in our study design. Therefore, there is the possibility that a control subject could harbor MR evidence of white matter lesions, which would not be viewed as a reportable incidental finding. While more than 95% of MS patients have MR imaging evidence of focal or confluent abnormalities in white matter, their presence alone does not make the diagnosis of MS. 7 More specifically, characteristic radiological lesions can appear in people without disease symptoms and non-specific white matter cerebral lesions are common in individuals older than 50 years. 7 In the post-hoc analysis of our study, we assessed conventional MR studies for several features, including number of lesions, evidence of gadolinium enhancement, and evidence of brain parenchymal/ corpus callosum atrophy. None of our control subjects demonstrated evidence of brain atrophy or gadolinium enhancement, and the white matter lesions found in controls were deemed to be non-specific and not suggestive of underlying demyelination. Therefore, we did not notify control subjects who had non-specific white matter lesions detected on MR imaging. There was evidence of white matter lesions, brain atrophy, and gadolinium enhancement in the MR imaging studies obtained in the MS patients in our study that was part and parcel of their established disease. Because this information did not affect their disease status (which was known) or follow-up in the clinical setting, we did not notify MS patients about the detection of white matter lesions detected on MR imaging. In short, the white matter lesions in these individuals were not incidental, but part of their disease status. 
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